Rabies is a lyssavirus infection resulting in acute encephalitis or meningoencephalitis that is virtually always fatal. The disease can be caused by several different rabies and rabies-like viruses (box 1). Rabies is a neglected tropical disease that predominantly affects the most vulnerable humans-children living in the most disadvantaged areas of the poorest countries. 1 Many countries have successfully reduced the impact of the disease by tackling the gap between public and animal health through a concerted "one health" approach. 2 Clinicians worldwide need to be aware of rabies and vigilant about the possible exposure of patients to infection because timely prevention is life saving. The purpose of the review is to give an overview of rabies prevention and the management of patients who may have been exposed to infection or are suspected of having rabies.
What is the global burden of rabies?
Countries predominantly affected by rabies often have poor diagnostic and reporting capacities, leading to a lack of accurate data and considerable uncertainty around estimates of global burden. 3 Efforts to improve data quality have been hampered by duplicative reporting systems requirements to different agencies representing animal or human health. In 2011 the World Health Organization reporting database Rabnet closed, as limited data and under-reporting contributed to a lack of priority for this disease. 3 In the absence of high quality reporting, estimates of global burden in 2010 ranged from 26 400 to 61 000 deaths, depending on the method applied. Considerable geographical variation exists worldwide, with 95% of rabies cases in humans occurring in Africa and Asia; 84% of these in rural areas. 2 Dogs are the source of infection in more than 99% of cases in humans.
The global economic burden of rabies has been estimated at $6bn (£3.8bn; €5bn), comprising the cost of both disease in humans, domestic animals, and wildlife and prevention through control measures in animals and post-exposure prophylaxis in humans. 2 From a health policy maker perspective, control of canine rabies is highly cost effective and even cost saving. 4 Post-exposure prophylaxis is also cost effective 5 but expensive for individuals and does not contribute to public health measures to interrupt transmission. While post-exposure prophylaxis is usually publicly funded in developed settings, it may be unaffordable for individuals in the highest risk areas, and help may be sought from traditional healers. 6 In India, the country with the highest number of deaths from rabies, only one in six patients receives appropriate post-exposure prophylaxis. 2 In areas where canine rabies is eliminated, such as North America, the costs of post-exposure prophylaxis have not diminished because rabies continues to circulate in wildlife. 7 For countries with good control programs, a challenge is to continue to be vigilant and to bear the costs of post-exposure prophylaxis given recurrent importations from neighboring countries with poor control, as seen recently in Greece. 8 
What are the trends in global rabies control and elimination?
Although there is uncertainty about, and under-reporting of, rabies, estimates are that the global burden of the disease decreased from 3234 to 1462 disability adjusted life years between 1990 and 2010. 9 Vaccination of dogs is the key to primary prevention in humans. This is feasible even in the poorest parts of the world. 10 Success relies on concerted multidisciplinary partnerships involving governments, animal and human health authorities, and a national reference laboratory to support diagnosis and surveillance.
Since rabies can be eliminated through vaccination of dogs, why do so many countries continue to have challenges in disease control? One reason is lack of communication between those responsible for human and animal health, including physicians and veterinarians.
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Terrestrial rabies has the potential to be eliminated, but this is unlikely to happen to bat rabies, which accounts for a small proportion of cases in humans each year. Bats are an essential part of the ecosystem and protected by law in many countries. Rabies vaccination is effective in bats, but there is no means of delivering it.
Box 1 Rabies and rabies-like viruses
• Rabies virus-various strains found in terrestrial mammals worldwide (except for Australia, Antarctica, some islands), as well as bats in the Americas
• Australian bat lyssavirus-bats in Australia and perhaps several nearby islands 
Sources and selection criteria
In a non-systematic review of literature, we built on an existing collection of literature on rabies that had been accumulated since 2000. We searched PubMed using MeSH term "rabies", limited to studies in English in humans conducted in the past five years. From that search we reviewed 846 abstracts for relevance and reviewed relevant papers in full, as well as reviewing bibliographies to identify further papers and searching key sources of grey literature, including the World Health Organization and national health authorities. The final list of references was also influenced by the scope and format of the article.
Who is at risk?
Those living in rabies endemic countries, without control measures in dogs and wildlife and access to post-exposure prophylaxis, are at greatest risk. Half of the human population worldwide lives in countries endemic for canine rabies ( fig 1⇓) . 2 Children are especially at risk because they are more likely to approach animals without caution, including apparently tame wild animals, and therefore to be attacked and bitten, especially on the arms and face. In rabies-free countries, all cases of terrestrial rabies are linked with importations (rabies-like viruses in bats do not affect a country's rabies-free status). For example, since 1946, 25 cases of human terrestrial rabies have been reported in the United Kingdom, associated with exposures to rabid dogs in countries such as the Philippines, Nigeria, India, and South Africa. 12 Travelers and residents in rabies endemic countries should avoid contact with free-roaming animals, especially dogs.
Vampire bats have been associated with several rabies outbreaks in South America. Bats carry rabies-like viruses (rabies related lyssaviruses) even in terrestrial rabies-free countries in Europe and Australia. 2 13 In 2002, a patient developed rabies after exposure to a bat, the only case acquired that way in the United Kingdom in over a century.
14 In Canada, six of eight cases identified nationally since 1970 have been attributed to infections with rabies strains associated with bats. 15 Although bats may be more important as reservoirs of rabies-like viruses than sources of infection in humans, people need to be aware of the risk of acquiring rabies from bats and seek immediate medical attention should they or their family members have contact.
How is rabies transmitted?
Lyssaviruses cannot cross intact skin. Rabies gets into the body through wounds or direct exposure of mucous membranes, usually as a result of bites from infected animals, or through transplantation of tissues or organs from someone who died from rabies ( fig 2⇓) . Humans are an end host; anecdotal cases of transmission from human to human have not been confirmed outside of transplantation, 16 including transmission from patients to healthcare workers.
The incubation period is variable, with a mean incubation time in one study of 273.6 days (median 80 days, range 12 days to 10 years). 17 The longer incubation periods emphasize that post-exposure prophylaxis is always indicated even if exposure occurred months or years earlier, provided neurological symptoms have not developed.
Can it be prevented?
Rabies vaccination has been available for more than 125 years. 18 Several modern cell culture and embryonated egg-based rabies vaccines (CCEEVs) containing inactivated rabies virus are available. Older nerve tissue vaccines should no longer be used as they may induce severe adverse reactions and are less effective than CCEEVs. Those who begin post-exposure prophylaxis with one of these older vaccines should restart the series with CCEEVs. 
Pre-exposure vaccination
Pre-exposure vaccination is strongly recommended for anyone who is at "continuous frequent or increased risk for exposure to the rabies virus." 2 It is recommended that laboratory staff, veterinarians, and anyone who works with animals and wildlife receive pre-exposure prophylaxis to reduce their occupational risk of infection. 19 20 It should also be an important prevention strategy in other high risk groups, including infants and children in areas with a high incidence of canine rabies, 21 and where access to immediate care or rabies immunoglobulin is limited.
WHO recognizes two pre-exposure vaccination schedules; one administered intramuscularly and the other intradermally (box 2). Periodic boosters for immunized people are not usually recommended, apart from some workers at continual risk who should undergo serological monitoring and receive a booster if and when required. In the event of an exposure to rabies, post-exposure prophylaxis is still required for those who have received pre-exposure vaccination.
Routes for administering vaccines
In the WHO recommended schedules, the vaccines for both pre-exposure and post-exposure immunization can be administered by two routes: intramuscular and intradermal. The intramuscular route is universally recommended and most commonly used where resources are not a problem. The intradermal route has the advantages of being dose sparing, resulting in equivalent protection at up to 60-80% of the cost of the intramuscular route, and requiring a single visit for pre-exposure prophylaxis. The reduced costs increase the likelihood that patients will complete post-exposure prophylaxis.
Intradermal immunization against rabies is used mainly in countries where WHO recommended vaccines have regulatory approval for this route of use. Disadvantages include the additional training required to ensure that the vaccine is administered correctly, and safety concerns about multi-use vials; the intradermal route is not recommended for pre-exposure prophylaxis in immunocompromised patients or those taking chloroquine for malaria treatment or prophylaxis. 2 22 Greater awareness of the risks of undiagnosed encephalitis is needed in the context of organ transplant related rabies. Those who die of encephalitis of unknown cause ideally should be excluded from being donors. 23 Antemortem diagnostic tests for rabies are not sufficiently reliable for screening to exclude rabies, nor is relying on a negative report of potential exposure. 24 25 What measures should be taken after a possible rabies exposure (such as dog bite)?
Post-exposure prophylaxis should be initiated immediately after exposure is suspected, especially if an unprovoked animal bites. Several different WHO approved schedules have been adopted for local use (table 1⇓ and box 2); all include wound cleaning, followed by active and passive immunization. Local recommendations should be followed since these are relevant to the approved vaccines and rabies immunoglobulin available in the vicinity. Expert advice is available in many countries through public health departments and national immunization guides (box 3). Post-exposure prophylaxis is highly effective in preventing the virus from reaching the nervous system. Few failures have been noted and most deviated from WHO recommended protocols. 26 27 Failures among those with complete pre-exposure immunization are even rarer if post-exposure immunization is given as per WHO protocols, with survival following documented exposure 20 years after the completion of pre-exposure immunisation. 28 Post-exposure prophylaxis is considered futile when administered after the onset of clinical symptoms.
Step 1: wound care
Immediate wound cleaning greatly decreases the risk of developing rabies. Recommended first aid for bite wounds and scratches includes thorough flushing with soap and water, detergent, povidone iodine, or other virucidal substances. Care should be taken to avoid contamination or enlargement of the wound. A bleeding wound is a source of high risk infection. Rabies immunoglobulin must be infiltrated into the wound. Deferred surgical closure of the wound has been recommended, given case reports of post-exposure prophylaxis failures associated with primary repair.
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Step 2: vaccination
The decision on whether to initiate vaccination is sometimes difficult to make and may require expert advice (fig 2) . A risk assessment should be guided by:
Location (country) of the potential rabies exposure-this helps to determine the likelihood of the animal being rabid. Post-exposure immunization may not be warranted if exposure occurred in a rabies-free country or region Severity of exposure (table 2⇓) Clinical features of the animal Vaccination status of the animal and its availability for observation or testing (usually only applies to dogs, cats, and ferrets)
Species of animal (if known).
The decision about whether to initiate vaccination should be made quickly so that post-exposure vaccination can be started immediately and continued while the animal is being observed or pending the results of laboratory tests. Superficial scratches and bites, particularly by bats, should be taken seriously, as the bat rabies virus has been shown to replicate in epithelial cells. 29 Even in the absence of a history of animal bites, the discovery of a bat in a room with a young person who cannot reliably report a bite, should raise concerns, especially when the person was sleeping. Assessment is required to rule out possible contact. Nevertheless, the likelihood of a case of human rabies after bat exposure without a bite or other close contact (for example, a bat flying into a room, observed by one or more adults, and safely removed or leaves without any direct contact) is extremely low.
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If the animal in question is a dog, cat, or ferret and can be observed for 10 days, post-exposure vaccination may be started and discontinued if the animal remains well at the end of the observation period. While most countries use a five dose schedule, several have now adopted a WHO recommended four dose schedule, with vaccine administered intramuscularly at 0.1 mL on days 0, 3, 7, and 14 ( 30 Minor reactions at local injection site are common and more likely to occur after an intradermal vaccine, whereas serious adverse events, including Guillain-Barré syndrome and allergic reactions are rare. 31 Specialized advice is needed for immunocompromised patients. They may need additional monitoring to assess whether an adequate immune response has been mounted after vaccination and whether additional boosters are indicated.
Vaccinated people only require two boosters, given intramuscularly on days 0 and 3, or intradermally in four doses at a single visit (table 1); no rabies immunoglobulin is required. Step 3: rabies immunoglobulin Several different rabies immunoglobulin products are available but access to them is limited by global shortages and high cost. 32 33 Rabies immunoglobulin provides passive antibodies at the site of exposure. It is given once, as soon as possible, and within seven days after the first vaccine dose, before patients develop an active immune response. 2 The recommended total dose is 20 IU/kg. As far as possible, all of the dose should be administered locally around the wound.
What are the symptoms of rabies?
Clinicians suspecting rabies should immediately contact public health authorities and the relevant reference laboratory for advice.
The incubation period after a bite may be as short as a few days or as long as years, and depends on the animal, viral inoculums, and location of the bite. 34 However, most cases present within the first two months after inoculation. Prodromal symptoms are often non-specific, resembling systemic viral infections, although there may be initial neuropathic pain at the site of the bite or weakness of the affected limb. Signs suggestive of rabies include intense pruritus, beginning at the site of the bite and progressing to involve the limb or side of the face, and myoedema, a mounding of the muscle elicited by being struck with a reflex hammer and that resolves within seconds. 35 36 Prodromal symptoms are quickly followed by the acute neurological phase, when the virus manifests itself in the central nervous system. This phase is referred to as paralytic or furious rabies (box 4), and progression towards coma and death occurs within one to two weeks from the onset of neurological dysfunction. 37 Furious rabies, which affects two thirds of patients, is characterized by persistent fever, agitation, confusion, and seizures, and it is distinguished from other forms of encephalitis by the presence of hydrophobia, aerophobia, hypersalivation, and dysphagia. 37 Patients with paralytic rabies do not present with the cardinal symptoms seen in those with the furious form and may have early features such as piloerection and fasciculations. They may also present with an ascending paralysis or symmetric quadriparesis; however, they can be distinguished from Guillain-Barré syndrome by the presence of persistent fever, an intact sensation except at the bite site, myoedema, and bladder dysfunction. Other manifestations are also being increasingly recognized, especially among patients with bat related rabies, including tremor, myoclonus, and cranial nerve, motor, or sensory deficits, which may contribute to under-reporting. 35 38 The diagnosis is made clinically and confirmed by nuchal skin biopsy, with viral antigens or RNA detected at the base of hair follicles containing peripheral nerves, saliva, or brain tissue, the last submitted post mortem. 2 Neutralizing antibodies in the serum may be detected seven or eight days after the onset of clinical symptoms, although they may not develop at all, 38 and are occasionally found in cerebrospinal fluid.
Are any treatments available for rabies?
Death is almost always inevitable in unimmunized patients; only supportive measures are recommended after the onset of neurological signs and symptoms. The "Milwaukee protocol" is a controversial intensive care strategy that was developed for a patient who survived a bat bite despite not having received post-exposure prophylaxis and presenting with encephalitis. 39 Numerous patients have subsequently failed this experimental protocol, which involves antiviral therapy and induction of a therapeutic coma to maintain a burst suppression pattern on the electroencephalogram. 40 Suggested favorable factors for initiation of aggressive treatment include young age and normal immune status, receipt of rabies vaccine before the onset of neurological illness, mild neurological disease at the time of presentation, presence of anti-rabies virus neutralizing antibodies in the serum and cerebrospinal fluid early in the course of illness, and infection by a bat rabies variant, which may be associated with paralytic rabies and thus detectable serum antibodies. 
Clinical case
Patients presenting with an acute neurological syndrome (that is, encephalitis) dominated by forms of hyperactivity (that is, furious rabies) or paralytic syndromes (that is, dumb rabies) progressing towards coma and death, usually by cardiac or respiratory failure, typically within 7-10 days after the first sign, if no intensive care is instituted.
One or more of the following laboratory criteria should be used to confirm a clinical case:
• Presence of viral antigens
• Isolation of virus in cell culture or in laboratory animals
• Presence of viral specific antibodies in the cerebrospinal fluid or in the serum of an unvaccinated person
• Presence of viral nucleic acids detected by molecular methods in samples (for example, brain biopsy sample, skin, saliva, concentrated urine) collected post mortem or when the patient is alive
For patients admitted to hospital with rabies encephalitis, palliative measures include sedation and physical and emotional support, as such patients tend to be severely agitated and anxious. A private room is recommended to provide these measures; however, additional barrier precautions are not required as the virus is transmitted through a break in skin and not through inhaled droplets or contact with blood or faeces.
Hospital contacts of patients with rabies do not require post-exposure prophylaxis unless they are bitten or their mucous membranes or any open wounds come into contact with the saliva, cerebrospinal fluid, or brain tissue of affected patients.
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Are any new treatment or prevention strategies on the horizon?
Antiviral drugs with in vitro activity against rabies virus include ribavirin and interferon-alpha, but they have shown limited activity in the setting of infection; other antiviral treatments for rabies are not on the near horizon. To tackle the global shortage of rabies immunoglobulin, clinical trials are under way to evaluate a human monoclonal antibody and a cocktail of humanized mouse monoclonal antibody. 2 New vaccines, including a less expensive vaccine for post-exposure prophylaxis, new delivery systems for intradermal vaccines, and dose sparing adjuvants for humans are early in development. 1 22 Priorities for research include multi-level and multi-sectoral population and public health research into interventions aimed at policy makers, health systems, animal health, and the public for achieving elimination of rabies in dogs and optimizing delivery of pre-exposure prophylaxis and post-exposure prophylaxis to humans.
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What is the advice for travelers to rabies endemic countries?
Travelers to areas where rabies is enzootic should be aware of the risks and whether appropriate post-exposure prophylaxis will be available at their destination. 41 In a review of recent cases, immigrants who had traveled home to visit family and friends, including for short trips, seemed to be at higher risk, with delays in post-exposure prophylaxis.
17 Pre-exposure vaccination should be considered by travelers to endemic areas who are likely to come in contact with animals, or short term travelers making repeated visits. Short term travelers to rabies endemic countries with ready access to medical care while traveling may choose not to have pre-exposure vaccination as the risk is lower, immunization is expensive, and pre-exposure vaccination is often not publicly funded or covered by health insurance. Such people need to be fully informed about what to do in case of potential exposure to rabies during their trip.
When travelers to endemic countries seek advice too late to complete a course of post-exposure prophylaxis, they need to be aware that full post-exposure vaccination must be sought in case of a high likelihood of exposure to rabies. Options to be considered include the intradermal single visit regimen, if available; traveling with an incomplete series to be completed on return; or completing the series on arrival at the destination. Tables   Table 1| Recommended 
Category of exposure
None, if reliable case history is available Touching or feeding animals; licks on intact skin; contact of intact skin with secretions or excretions of rabid animal or human case I Administer vaccine immediately †' stop treatment if animal remains healthy throughout an observation period of 10 days ‡ or is proved to be negative for rabies by reliable laboratory using appropriate diagnostic techniques Nibbling of uncovered skin; minor scratches or abrasions without bleeding II Administer rabies vaccine immediately, and rabies immunoglobulin, preferably as soon as possible after initiation of post-exposure prophylaxis. Rabies immunoglobulin can be injected up to seven days after first vaccine dose has been administered. Stop treatment if animal remains healthy throughout an observation period of 10 days (does not apply to bats) or is proved to be negative for rabies by a reliable laboratory using appropriate diagnostic techniques Single or multiple transdermal bites § or scratches, licks on broken skin; contamination of mucous membrane with saliva (that is, licks) exposure to bats ¶ III *Post-exposure prophylaxis not routinely required for exposure to rodents, rabbits, or hares. †Treatment may be delayed if an apparently healthy dog or cat is from a low risk area and placed under observation. ‡Applies to dogs and cats only. Except for threatened or endangered species, other domestic and wild animals suspected of being rabid should be euthanized and their tissues examined for the presence of rabies antigen by appropriate laboratory techniques. §Bites especially on the head, neck, face, hands, and genitals are category III exposures because of the rich innervation of these areas. ¶Post-exposure prophylaxis should be considered when contact between a human and a bat has occurred, unless the exposed person can rule out a bite or scratch or exposure of a mucous membrane. 
